








































































































































Currents	 were	 recorded	 from	 cells	 at	 room	 temperature	 (20	 °C),	 using	 the	 whole	 cell	 voltage	
clamp	technique.	During	recordings,	cells	were	perfused	continuously	(1	 	ml/minute)	with	 ‘hERG	
solution’		consisting	of		140	mM		NaCl,	2.5	mM	KCl,	2	mM	MgCl2,	2	mM	CaCl2,	10	mM	HEPES,	10	
mM	Glucose,	15	mM	D	 (+)-Saccharose	 	 	 (pH	7.4,	 	320	mOsm/kg).	Electrodes	were	pulled	with	a	
Sutter	 Instruments	 P97	 microelectrode	 puller	 using	 borosilicate	 glass	 capillaries	 (Harvard	
Apparatus	 Ltd),	 and	 filled	 with	 intracellular	 solution	 (100	mM	 K-Gluconate,	 20	mM	 KCl,	 1	 mM	
CaCl2,	 1	 mM	MgCl2,	 10	 mM	 HEPES,	 3	 mM	 Phosphocreatine,	 11	 mM	 EGTA-KOH,	 9	 mM	 D	 (+)-
Sucrose,	4	mM	ATP-Mg	(pH	7.2,	 	295	mOsm/kg).	 	3-5	MΩ	resistance	pipettes	were	brought	 into	
contact	 with	 the	 cell	 surface	 by	 micromanipulation,	 GΩ	 resistance	 cell-attached	 seals	 were	
obtained	 by	 gentle	 suction,	 and	whole–cell	 access	 achieved	 by	 rupturing	 the	 patch	 with	 direct	
suction.	Using	an	Axoclamp	2B	amplifier	and	a	HS-2A-x0.1LU	headstage,	the	cell	was	clamped	to	–
70	mV.	Each	voltage	clamp	protocol	was	preceded	by	a	5	mV		voltage	clamp	step	which	was	used	































controls	 and	 test	 results	 where	 controls	 had	 been	 conducted	 in	 parallel,	 an	 unpaired	 	 test	 was	

















































































































































ZnO	 nanoparticles	 were	 incubated	with	 1%	 bovine	 serum	 abumin	 (BSA)	 for	 20	minutes	 and	 the	
solution	added	to	the	experimental	chamber.	Recordings	over	20	minutes	revealed	no		alteration	in	
current	 or	membrane	 properties	 (Figure	 S3A).	 Similarly,	 after	 addition	 of	 ZnO	 nanoparticles	 and	
induction	of	the	ZnO	effect,	1%	serum	albumin	was	added	to	the	bath	and	resulted	in	no	reversal	of	
the	 ZnO	 effect	 (Figure	 S3A).	 This	 was	 similar	 to	 the	 lack	 of	 reversal	 of	 the	 ZnO	 effect	 seen	 on	
repeated	washing	(not	shown).		BSA	addition	alone	had	no	effect	on	hERG	currents	(Figure	S3A).			
Influence	of		lipid	peroxidation	
It	has	been	reported	that	exposure	to	10	µg/ml	ZnO	results	 is	 in	significant	 lipid	peroxidation,[18].		
Although	 peroxidation	 takes	 around	 3	 hours	 to	 manifest	 itself,	 and	 here	 experiments	 lasted	 a	
maximum	of	20	minutes,	we	decided	to	test	the	idea		that	the	changes	we	observed	could	be	due	
to	the	early	effects	of	lipid	peroxidation	or	alteration	of	protein	components	in	the	cell	membrane.		































































































deactivation	 shows	 that	 while	 activation	 is	 unaffected,	 deactivation	 is	 more	 rapid	 than	 under	



























































































tried	to	establish	 the	dose	response	relationship	between	ZnO	and	the	 increase	 in	 the	hERG	current.	
The	data	was	not	well	fit	with	a	dose	response	curve	though	it	was	clear	that	the	effect	increased	with	
















































































































































































































































































































































































































































































































































































Endotoxin Activity (EU/ml) 	
Figure	S1.	LAL	chromogenic	assay	results	showing	standard	curve	(dotted	red	line)		fit	to	endotoxin	
standards	 (●).	 	The	mean	values	of	endotoxin	 in	 	NPs	samples	at	a	concentrations	of	10	ug/ml	 in	



























































































































with	 BSA	 against	 hERG	 currents.	 	 	 Results	 show	 the	 average	 of	 at	 least	 six	 experiments	 per	

























































Figure	 S4.	 The	 effect	 of	 ZnO	 on	 activation	 of	 the	 hERG	 current.	 	 A)	 Examples	 of	 hERG	 currents	



















































































































an	 obvious	 increase	 in	 current	 as	 a	 result	 of	 ZnO	 at	 all	 voltages.	 	C)	 Plot	 of	 tail	 	 currents	 versus		



































































































































































































µl/ml	 ZnO.	 	 The	 black	 squares	 represent	 mean	 and	 SEM	 of	 5	 experiments	 in	 different	
concentrations	of	ZnCl2	(from	1-300	µM).		The	blue	and	red	boxes	represent	the	extent	of	variance	
(SEM)	 and	 mean	 (red	 line)	 envelopes	 of	 control	 and	 in	 the	 presence	 of	 ZnO	 respectively.	 	 All	
currents	were	evoked			at	one	minute	intervals	from	a	holding	potential	of	-70	mV,	stepped	to	+20	
mV	and	repolarised	to	-50	mV	before	stepping	back	to	-70	mV.		A)	Peak	resurgent	tail	current,	B)	




























Figure	S9.	H2O2	 	 exposure	does	not	 alter	 the	 current/voltage	 relations	of	 the	 steady	 state	or	 tail	
currents.	A),			examples	of	whole-cell	hERG	currents	before	and	during	exposure	to	0.1%		H2O2	(20	
mins).	 	 There	 is	 a	 slight	 ‘rundown’	 	 of	 the	 whole-cell	 current	 over	 20	 minutes	 and	 no	 obvious	
increase	in	current	as	a	result	of	H2O2	exposure.		B)	Plot	of	the	steady	state	currents	at	+20	mV		in	
four		experiments	(Mean	+/-	SEM).		The	results	show	that		steady-	state	currents	were	not	altered	
in	the	short	term	by	exposure	to	peroxidation.	
